Induction of Infectious Virus DNA and Virus Particles by Mitomycin C in SV40-Transformed Mouse Cells
(Accepted 2 June I978 ) SUMMARY A line of SV4o-transformed mouse cells (SV/3T3-4E) was isolated and four clones were derived from this line. Spontaneous production of small amounts of infectious SV4o DNA was detected in the parental line and in three out of the four clones tested, although no synthesis of virions could be demonstrated. The yields of SV4o DNA were significantly enhanced following treatment of these cells with mitomycin C and infectious virus particles became detectable occasionally.
Cell transformation by papovaviruses is accompanied by the integration of the virus genome into the host DNA (Martin & Khoury, I976) . Spontaneous production of small amounts of free infectious virus DNA and eventually of complete infectious virus particles had been described in some rodent cell Data reported by Rakusanova et al. (I976) suggest that the treatment of SV4o-transformed Syrian hamster cells with mitomycin C (MC) or y-rays triggers the excision of the integrated virus genome. On the other hand, our study of the effects of MC on the virus growth cycle in SV4o-infected semi-permissive Chinese hamster kidney cells led us to the conclusion that this chemical agent increases the permissiveness of these cells, probably by stimulating the synthesis of a specific cellular factor(s) required for SV4o DNA replication (Lavialle et al. I977) .
Having observed the high efficiency of MC in inducing SV4o in semi-permissive cells, its effect was examined on mouse cells, generally regarded as strictly non-permissive for SV4o.
3T3-4 E is an established line of Swiss mouse cells (Matsuya & Green, I969) , kindly provided by Dr Howard Green (MIT, Boston, U.S.A.). These cells do not grow in suspension in semi-solid agar medium, as tested by the technique of Montagnier & Macpherson (I964) . Following infection of 3T3-4 E cells with SV4o (m.o.i. Ioo p.f.u./cell) an SV4o-transformed cell line was isolated (SV/3T3-4E). Fifteen in vitro passages later, four independent clones (SV/3T3-4E CI.I to 4) were derived from this line by subculturing colonies growing in agar medium. As shown by immunofluorescence tests (Wicker & Avrameas, I969) , the SV4o-transformed parental cell line, each of the four clones were found to be Ioo ~o SV4o-T antigen positive.
Chemical treatment of the cells was performed on 24 h-old cultures, seeded at I@ cells per 6o mm Petri dish or 25 cm 2 plastic fask (Falcon). MC was added to the required concentration directly into the culture medium; after 8 h incubation at 37 °C in 95 °/o air-5 % CO2, the treatment was ended by aspirating the medium containing the drug, rinsing and refeeding the cells with fresh medium. At the times indicated, dish cultures were used for the extraction of SV4o DNA by the Hirt selective procedure (Hirt, I967) and flask cultures were frozen. Titrations of infectious virus and DNA were then carried out as previously described (Lavialle et al. t976 ). As shown in Table I , with the exception of clone 3, these SV4o-transformed mouse cells spontaneously produced small amounts of infectious virus DNA. The plaques obtained were shown to be SV4o by demonstrating the induction of SV4o-T antigen upon re-infection of permissive monkey kidney cells. Treatment of the producer-cells with MC significantly enhanced (Io-to Ioo-fold) the yield of infectious virus DNA; moreover, MC induced small amounts of infectious virus DNA in clone 3 cells, in which no spontaneous production could be demonstrated (Table t) .
Infectious virus particles, never detected in untreated cultures, were occasionally induced by MC in the parental cell line and in clones x, 2 and 4 (data not shown). A relationship was apparent between the level of SV4o DNA inducibility of a given clone and its capacity to produce virions in detectable amounts after MC treatment. Virion yields were small, in the order of 2o p.f.u, per IO 6 treated cells at best, in the case of clone I. Fig. I shows the kinetics of infectious SV4o DNA and virus production in control and MC-treated clone I cell cultures. The spontaneous yield of infectious virus DNA was more elevated than in the experiments presented in Table I , reaching, at 48 to 96 h, I I to 13 p.f.u. per Io 6 mock-treated cells; however, again, no virus particles were detected. MC treatment clearly accelerated the production of SV4o DNA up to 48 h after addition of the drug and then the yield decreased in parallel with the progressive detachment of the cells due to the toxic effect of MC. Synthesis of infectious virus followed the peak of SV4 o DNA with a lag of 48 h (Fig. I) The data presented in this paper show that SV/3T3-4E cells contain small amounts of free infectious SV4o DNA. Most of the cells in the parental line are, at least potentially, capable of spontaneously producing SV4o DNA, since three out of the four clones isolated show this property. It is not known whether this free virus DNAis generated only by excision of the integrated SV4o genome or whether a low level of SV4o DNA replication takes place in these cells. The fact that MC, in addition to stimulating the yield of SV4o DNA IO-to Ioo-fold, can induce the synthesis of capsid proteins and virions favours the second possibility. Indeed, we have previously shown that the pre-treatment with MC of SV4o-infected Chinese hamster cells enhances their permissiveness towards SV4o (Lavialle et al. i977) . Thus it may also be true that, in the SV/3T3-4E cell system, MC stimulates a process of SV4o DNA replication already existing in untreated cells but at a very low level. Such a situation would be similar to that reported by Zouzias et aL 0977) for rat cells transformed by polyoma virus.
The present results extend our previous studies on the inducibility by MC of two other independent SV4o-transformed mouse cell lines (Morris et al. I975) ; it was found that MC treatment induced the production of small amounts of infectious DNA and virions in one line (INKS UI3 CI.I) and infectious DNA alone in the other (SVMK). At that time, we did not detect any SV4o DNA or virus in mock-treated cells. However, in the SVMK line, using a large number of cells and a new method of virus DNA extraction, were able to demonstrate the spontaneous production of a very small amount of free infectious SV4o form I DNA. This observation, together with the data presented in this work, suggest that the persistence in SV4o-transformed mouse cells of free virus DNA, near the threshold of detectability of the current techniques available, could be more frequent than one might have suspected.
The capacity of MC to allow detectable expression of late virus functions in the two lines InKS UI3 CI.I (Morris et al. I975 ) and SV/3T3-4 E indicate that these mouse cells contain the genetic information for specific cellular functions required for the completion of the SV4o growth cycle. In this context, it is interesting to recall the observations of 
